Aim: To investigate the relationship of the aspartate aminotransferase to alanine aminotransferase ratio (AST/ALT) and metabolic syndrome (MetS) in adolescents in northeast China. Methods: A stratified cluster random sample of 935 students 11-16 years of age in a city in the northeast of China were enrolled in 2010-2011. Participants were given a physical examination and a laboratory evaluation, and 93 participants were followed-up after 5 years. Results: AST/ALT was negatively correlated with waist circumference (WC), waist-to-hip ratio, body mass index (BMI), diastolic blood pressure, triglycerides, low-density lipoprotein, uric acid, fasting insulin, and insulin resistance. It was positively correlated with highdensity lipoprotein. Multivariate logistic regression showed that the risk of MetS was 6.02 times greater in adolescents with the lowest, compared with the highest, AST/ALT. Central obesity was the MetS component most closely associated with low AST/ALT [odds ratio (OR) =5.13, 95% CI: 2.83, 9.28]. Five years later, baseline AST/ALT was negatively correlated with WC (r=−0.21, P=0.046), BMI (r=−0.29, P=0.005) and fasting plasma glucose (r=−0.25, P=0.017). Conclusion: In adolescents, AST/ALT was significantly associated with MetS and its components and predicted overweight/obesity in adulthood.
Introduction
The annual incidence of metabolic syndrome (MetS) in children and adolescents in China is increasing. 1 Early diagnosis of MetS is complicated 2 because the syndrome includes diverse components including blood lipids, blood glucose, and blood pressure that must be evaluated at the same time. The availability of easily measurable serum markers that are closely associated with MetS would be of great help for early recognition of MetS. MetS can lead to abnormal hepatocyte metabolism, fat deposition, and necrosis which is related to the necrosis and abnormal metabolism of hepatocytes. 3 Changes in alanine aminotransferase (ALT) and aspartate aminotransferase (AST) reflect hepatocyte injury and liver function. Both ALT and AST activity increase with liver injury and disease, but not in parallel. Elevated transaminase activity is indicative of liver disease, but the AST/ALT ratio is correlated with severity and prognosis. Studies in adults [4] [5] [6] have shown that AST/ALT can be used as a marker of multiple liver diseases, including nonalcoholic fatty liver disease, which is closely related to MetS. Adolescents who are still growing and developing have different metabolic characteristics than adults, and there are no published on the association of AST/ALT and the presence of MetS in adolescents in China. There are also no prospective studies of changes in AST/ALT and its relation to MetS when adolescents enter adulthood. This study enrolled adolescents at 11-16 years of age in Liaoyang, a city in northeast China with medium-level economic development, with follow-up after 5 years. The aim was to analyze the relationship between AST/ALT and MetS, and its related components to add to our understanding of the pathophysiological role of transaminases in metabolic diseases, and to provide a basis for novel serum markers of MetS in adolescents.
Subjects And Methods

Study Design
Between December 2010 and January 2011, junior and senior high school students in Liaoyang, were selected by stratified cluster sampling. Study questionnaires were sent to 3236 students, and written informed consent was given by a legal guardian. A total of 935 students from 11-16 years of age with complete data were included in the statistical analysis. The participants had no history of anemia, diabetes, hypertension, or drug therapy; 47.5% were girls. This study was conducted in accordance with the Decaration of Helsinki and was approved by the Medical Ethics Committee of Shengjing Hospital, China Medical University.
Venous blood samples were collected at 7:00-9:00 in the morning after a ≥10h fast. Height, weight, waist circumference (WC), and hip circumference were measured by a trained physician before blood sample collection. After sitting quietly for more than 10 mins, blood pressure was measured twice using a desktop mercury sphygmomanometer and a 2 min interval between measurements. The average systolic blood pressure (SBP) and diastolic blood pressure (DBP) were recorded. Blood samples were transported to a central laboratory at Liaoyang Diabetes Hospital. Plasma was obtained by centrifugation within 1 hr of collection. Fasting plasma glucose (FPG) was assayed by the glucose oxidase method (Olympus 400, Olympus Optical Company, Japan) within 2 hrs of centrifugation. Serum low-density lipoprotein cholesterol (LDL-C), high-density lipoprotein cholesterol (HDL-C), triglycerides (TG), AST, ALT and uric acid were determined by standard enzymatic methods. Some plasma was stored at −80ºC for assay of fasting insulin (FINS) and high sensitivity C reactive protein by radioimmunoassay at the China Institute of Atomic Energy, Beijing, China. Body mass index (BMI) was calculated and reported as kg/m 2 . The homoeostatic model assessment of insulin resistance was calculated as HOMA-IR = fasting blood glucose (mmol/L) × fasting insulin (μU/mL)/22.5. In July 2016, after approximately5 years, the subjects were followed-up. As most of the young students had gone to universities in other cities, only 93, 18-22 years of age, and 46.2% women, were evaluated. The methods and investigators were the same as at baseline. None of the 93 subjects had been diagnosed with a new chronic disease or had begun taking long-term medications use during the 5 years.
Diagnostic Criteria
MetS was diagnosed at baseline in the 11-16-year-old adolescents using the 2007 International Diabetes Federation (IDF) diagnostic criteria. 7 Obesity was defined as a WC ≥90th percentile (depending on race) and at least two of the following: (1) FPG ≥5.6 mmol/L or a previous diagnosis of type 2 diabetes; (2) SBP ≥130mmHg or DBP ≥85mmHg; (3) HDL-C <1.03 mmol/L; (4) TG ≥1.70 mmol/L. For subjects >16 years of age, IDF adult diagnostic criteria were used, as described below.
At follow-up 5 years later, all subjects >18 years of age, and MetS was diagnosed with IDF adult criteria. 8 Central obesity includes a WC >90 cm in Chinese men and >80 cm in Chinese women. Adult obesity also required two of the following: (1) TG ≥1.7 mmol/L (150 mg/dL), or on a specific treatment for that lipid abnormality; (2) HDL-C <1.03 mmol/L (40 mg/dL) in men and <1.29 mmol/L (50 mg/dL) in women, or on a specific treatment for that lipid abnormality; (3) SBP ≥130mmHg or DBP ≥85mmHg, or treatment of previously diagnosed hypertension; (4) FPG ≥5.6 mmol/L (100 mg/dL), or a previous diagnosis of type 2 diabetes.
At baseline, the subjects were stratified to a normal BMI group and an overweight/obese group following the BMI criteria for Chinese children and adolescents of the 2004 Chinese Working Group on Obesity. 9 At the 5-year followup, the subjects had entered into early adulthood, and those with a BMI ≥24 were defined as overweight/obese in accord with the recommended standard for Chinese adults. 10 
Statistical Analysis
Statistical analysis was performed using SPSS17.0 software for Windows (SPSS Inc., Chicago, IL, USA). The values of normally distributed variables were compared by the Kolmogorov-Smirnov test. Variables not normally distributed were logarithmically transformed. Normally distributed continuous variables were expressed as means ± standard deviation. Variables not normally distributed were reported as medians and interquartile range (IQR). Categorical data were expressed as percentages and compared by the chi square test. Analysis of variance was used for multiple comparison of normally distributed data. The Kruskal-Wallis H-test was used for multiple comparisons of non-normally distributed data. One-way generalized linear model analysis was used multiple group comparisons after correcting for confounding variables. Partial correlation was used to analyze the relationships of AST/ALT, MetS and other cardiovascular risk factors at baseline and after 5 years. Multiple logistic regression was used to analyze the association of baseline AST/ALT level and MetS, MetS components, and other cardiovascular risk factors at baseline and after 5 years. Differences with P <0.05 were considered statistically significant.
Results
The Cross-Sectional Study
As shown in Figure 1 , the mean AST/ALT ratio was significantly higher in girls than boys (1.93 ± 0.04 vs. 1.61 ± 0.03, P<0.001) ( Figure 1 ). The AST/ALT ratio was higher in girls than in boys regardless of the number of MetS components that were present, and it decreased with an increase in the number of MetS components ( Figure 2 ). Table 1 shows the clinical characteristics of study subjects stratified into three AST/ALT tertiles from low to high, where T3 had the highest value. As AST/ALT decreased, the prevalence of MetS increased, and the percentage of boys with MetS increased (both P<0.001). After adjusting for age and gender, TG, SBP, waist-to-hip ratio (WHR), BMI, LDL-C, ALT, and uric acid all increased (P<0.01) with the decrease of AST/ALT, and FINS and HOMA-IR were increased (P<0.001). After adjusting for age and gender the AST/ALT ratio was negatively correlated with WC, WHR, BMI, DBP, TG, LDL-C, FINS, HOMA-IR and uric acid, and positively correlated with HDL-C (r=−0.44 to 0.07, P<0.05). The correlation of AST/ALT and BMI (r=−0.44, P<0.001) was the strongest, and that with HDL-C (r=0.07, P=0.026) was the weakest ( Table 2) .
Logistic regression analysis ( (OR=2.45, 95% CI: 1.08, 5.52). Decreased AST/ALT ratio was associated with increased risk of central obesity (OR=5.13, P<0.001), hypertension (OR=1.70, P=0.008), hypertriglyceridemia (OR=2.45, P=0.018), and overweight/obesity (OR=9.18, P<0.001) ( Figure 3 ).
Follow-Up Study
Of the 93 subjects who participated in the follow-up study, the 27 who were in group T1 at baseline and renamed group T1-F at follow-up. Similarly, group T2-F included 32 subjects, and group T3-F included 35. There were no significant differences in the clinical characteristics and baseline serum laboratory test values in the 93 follow-up subjects and those enrolled in the original investigation, but did not participate in the follow-up evaluation (Supplemental Table 1 ). The follow-up subjects were thus representative of the entire study population. The decrease in baseline AST/ALT from T3-F to T1-F, was associated with increase of WC, TG, and BMI at 5 years (all P<0.01) ( Table 4 ). The results of partial correlation analysis of AST/ALT and MetS risk factor values after 5 years are shown in Table 5 . After adjusting for age and gender, baseline AST/ALT was found to have significant negative linear correlations with WC (r=−0.21, P=0.046), BMI (r=−0.29, P=0.005) and FPG (r=-0.25, P=0.017).
Using the T3-Ftertile, which had the highest AST/ALT ratio, as the reference, logistic regression analysis ( Table 6 ) showed that after adjusting for age and gender, the T1-F group, which had the lowest baseline AST/ALT ratio, was at increased risk of MetS and the presence of MetS components at 5 years, but the increase was not significant (Figure 4 ). As only one of the 93 patients had high blood glucose, hyperglycemia was not included in the logistic regression analysis. Figure 4 shows that baseline AST/ALT was significantly correlated with the risk of overweight/obesity after 5 years. The T1-F group had a significantly higher risk of overweight/obesity compared with the T3-F group (OR=4.86, 95% CI: 1.54, 15.30, P<0.01).
Discussion
This cross-sectional study found that in this group of 935 adolescents from Liaoyang China those with decreased AST/ALT ratios were at increased risk of MetS. The value of the AST/ALT ratio was negatively correlated with levels of cardiovascular risk factors as BMI, LDL-C, systolic BP and HOMA-IR. Decreased AST/ALT ratio was an independent risk factor of MetS and MetS components, and central obesity, hypertension, and hypertriglyceridemia were the most closely associated with the AST/ALT value. The prospective study showed that the baseline AST/ALT value was negatively correlated with BMI and some MetS com-ponentsat5 years, and that the AST/ALT at adolescence was predictive of overweight/obesity in early adulthood. AST/ALT is an indicator of damage of liver cells, and is useful in evaluating the severity of liver fibrosis and cirrhosis, 4, 11, 12 and the clinical significance of the AST/ ALT ratio has been well described, 13 and previous studies in Asia [14] [15] [16] reported that the AST/ALT ratio was more accurate in predicting the risk of MetS or MetS components than AST or ALT alone. However, few data are available on the relationship of AST/ALT and MetS in children and adolescents, 17, 18 and there have no studies have been conducted in Chinese teenagers. This is the first study to analyze the relationship between AST/ALT and MetS components in Chinese adolescents, and to investigate the ability of AST/ALT at adolescence to predict adult overweight/obesity and other risk factors for cardiovascular disease. There was a significant gender difference in the level of AST/ALT ratio, and regardless of the number of MetS components, the AST/ALT ratio was higher in female than in male subjects. That result differed from the findings of a previous report in Mexican children. 18 In this study, baseline data in adolescents was predictive of obesity and metabolic abnormalities in adulthood. However, an association of adolescent the AST/ALT ratio and MetS in adulthood was not observed at the 5-year follow-up, which was probably the result of different MetS diagnosis criteria in adolescence and adulthood. Nevertheless, the close relationship of the baseline AST/ALT value and BMI after 5 years supports the ability of AST/ALT to predict abnormal metabolism in adulthood.
In both adolescence and adulthood, WC, TG and BMI were higher in subjects with a low baseline AST/ALT than in those with a high baseline AST/ALT, which suggests that the correlation of AST/ALT and MetS may be mediated by abdominal obesity and high blood TG. AST/ALT was also negatively correlated with insulin resistance (r=−0.032, P<0.001), which is consistent with the involvement of abdominal obesity and insulin resistance in the pathogenesis of MetS. 19 Liver enzymes are markers of liver fat content, a fatty liver is a sign of increased visceral fat, and increased visceral fat content is related to insulin resistance. It is thus plausible that the AST/ALT ratio is indicative of visceral fat inflammation, insulin resistance, and predictive of MetS and overweight/obesity.
The study has limitations. First, because there was no screening of hepatitis viruses or ultrasound examination of the liver, gall bladder, and spleen, elevation of liver enzyme levels caused by other reasons cannot be completely ruled out. Second, the relatively small number of subjects who were evaluated at followed-up was relatively small, which may have introduced study bias. Expanding the follow-up sample size and duration will help further clarify the relationship between AST/ALT and metabolic diseases during the development from adolescence to adulthood. The prevalence of obesity, type 2 diabetes, and other metabolic diseases in Chinese adolescents is increasing. 20 The AST/ALT ratio would be useful for epidemiological screening and as a simple and effective serum marker of MetS. It also has practical value in adolescence to help predict metabolic status in adulthood. Notes: T1-F, follow-up group from tertile 1; T2-F, follow-up group from tertile 2; T3-F, follow-up group from tertile 3; T3-F was used as reference; **P<0.001; # after adjusting for gender and age. Hyperglycemia was not considered in this logistic regression analysis due to there was only one subject had hyperglycemia in this follow-up sample.
Abbreviations: MetS, metabolic syndrome; WC, waist circumference; WHR, waist-to-hip ratio; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; TG, triglycerides; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; FPG, fasting plasma glucose; FINS, fasting plasma insulin; HOMA-IR, homoeostatic model assessment for insulin resistance. 
